The nature of the emitter of the ethylene-flame bands is discussed. The general problem of the mechanism of hydrocarbon combustion is discussed in the light of the spectroscopic data. It is concluded that the chain mechanism in which oxygen atoms had been assumed as chain carriers does not seem very likely; the evidence appears to be more in favour of the peroxidation theory.
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The surface as a limiting factor in the combustion of hydrocarbons.
B y R. G. W. N o r r i s h , F.R.S. and J. D. R e a g h . (
17 M ay 1940.)
With special reaction vessels, varying widely in diameter while maintaining approximately constant volume, and employing several refinements in technique, a study has been made of the effect of surface on the slow oxidation of several hydrocarbons, both saturated and unsaturated. All reactions were of the degenerate branching type, and were found to be principally homogeneous in character. When the diameter of the reaction vessel was sufficiently reduced, the reaction rate was observed to drop abruptly toward zero, while the corresponding induction period increased toward infinity. Data so obtained have demonstrated that in narrow vessels surface deactivation can predominate over other processes of deactivation, while in wider vessels surface and volume deactivation occur to a comparable extent over a considerable range of pressure. When the vessel diameter is decreased to a critical value the surface deactivation almost alone can suppress the factors leading to chain branching, and from the reactions investigated the existence of such a critical diameter appears to be a general property of hydrocarbon oxidations in conformity with the theory of degenerate branching.
'Traces' of frictional contact and experiments on adhesion. B y R.
S c h n t jr m a n n . ( Communicated by 4 June 1940.) ' Traces ' due to frictional contact in the atmosphere can be made visible on glass plates through physical development by the condensation in vacuo of a metallic vapour. Above a certain load traces were obtained with silver, copper, steel, lead and cadmium.
The essential difference between traces of sliding and traces of rolling was demonstrated through microscopic observation. Traces of sliding are resolved into wide bands of predominantly parallel lines, whereas traces of rolling consist of numerous isolated specks. The minimum load required for the production of a trace of rolling is larger than for producing a trace of sliding. A more sensitive indicator of traces of rolling was arrived at by predeveloping glass plates.
The production of a trace on a glass plate is accompanied by the corresponding generation of a trace on the metal surface. This latter trace can be observed microscopically on the originally polished surface of a metal slider. Intentional lubrication, such as flooding the glass plate with distilled water or application of stearic acid, accentuates the traces.
Metals cast on to glass plates exhibit strong adhesion, unless they are appreciably superheated before casting. The contact area appears milky and full of blowholes, whilst the islands between the blowholes show an etched structure.
Evidence is produced that water vapour acts as an etching agent for the adhering metal surfaces. The adsorption layer trapped at the areas of 'contact' between etched metal and glass is considered to be sufficiently thin to be adhesive. Oxygen etching leads to a different result, since in this case the metal cracks off the glass plate on solidification leaving a trace behind.
The theory th a t local m elting can occur a t surface asperities on frictional contact is critically exam ined. Traces due to sliding, rolling, or strong adhesion were found under conditions which illustrate th e im portance of very th in adsorption and oxide layers, which th e au th o r considers cannot be reconciled w ith th e existence of " welded m etallic brid g es" .
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Experiments on the elementary mechanism of solid friction. By R. S c h n t jr m a n n . {Communicated by Sir Harold Hartley, F.R.S.-Received 4 June 1940.)
I f deform ation of surface irregularities were th e predom inant m echanism of solid friction, th e coefficient of friction should have a m easurable tem perature coefficient. A pparatus is described, em bodying th e principle of th e inclined plane, on which experim ents in high vacuum were carried out over a wide range of tem perature to determ ine w hether such a coefficient could be detected.
R u st and adsorbed layers were found greatly to influence the m easurem ents and a technique of cleaning th e friction elem ents by prolonged baking out was developed. Thereafter, experim ents on cadm ium in th e range between + 150 and -100° C clearly foreshadow th e existence of a tem perature coefficient of static friction, com puted a t -7-5 x 10~4 per + 1° C. This paper describes an investigation of th e possibility of m easuring small am ounts of carbon dioxide in air by th e absorption of infra-red radiation. I t is shown th a t the m ethod is simple, tru stw o rth y and accurate, and is very sensitive for sm all am ounts of carbon dioxide, of th e order of th a t present in ordinary air. The principle is applied in a form superior to any h itherto used, in th a t the whole of the tran sm itted rad iatio n is m easured in stead of m erely th e ra d iatio n a t th e m axim um of a p articu lar ab sorption b and. This m akes a spectro m eter unnecessary, elim inates th e d isturbing effect of v ariatio n of tem p eratu re, an d allows m uch less sensitive d etecting a p p a ra tu s to be used. T he only prelim inary tre a tm e n t necessary is th e rem oval of w ater vap o u r from th e air u nder exam ination.
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The growth of nodule bacteria in the expressed juices from legum e roots bearing effective and ineffective nodules. B y H. K. Ch e n , H. N ic o l and H . G . S trains of pea an d soy-bean nodule bacteria, differing in th eir effectiveness in benefiting th e host legum e, were grow n in m edia containing th e u n h eated root juices from uninoculated host p lan ts a n d from host p lan ts bearing effective a n d " in effective" nodules, an d th e ir grow th was m easured. The grow th of th e different bacterial strains on ro o t juice from u ninoculated p lan ts was n o t correlated w ith th eir effectiveness. T he juice from roots w ith effective nodules produced significantly b e tte r grow th of th e b acteria th a n juice from roots w ith ineffective nodules in 27 com parisons o u t of 44, th e differences in th e rem aining com parisons being insignificant. The juice from roots w ith effective nodules produced significantly b e tte r grow th th a n th e juice from uninoculated roots in 10 com parisons o u t of 25 an d significantly poorer grow th in 3 com parisons. The juice from roots w ith ineffective nodules produced significantly poorer grow th th a n th e juice from u n inoculated p lan ts in 11 com parisons o u t of 25, and b e tte r grow th in only 1 com parison.
The production, as a resu lt of infection, of soluble substances affecting grow th of th e bacteria, affords an explanation of those differences in nodule grow th th a t determ ine th e effectiveness or ineffectiveness of th e different strains of bacteria as regards nitrogen fixation w ithin th e host p lan t.
The actions of eserine-like compounds upon frog's nerve-muscle pre parations, and conditions in which a single shock can evoke an augmented muscular response. By S. L. Co w a n .
( by E. B. Verney, F.R.S.
-Received 15 December 1939.)
The m uscular responses to one shock, or to two shocks separated by 3-10 msec., applied to th e nerve of a frog's nerve-sartorius preparation, when imm ersed in R inger's solution, containing glucose an d buffered w ith bicarbonate, were reason ably constant for ab o u t 3 hr. The m ain response to two shocks was followed by a small after-tension, which, like B rem er's " neurom uscular contracture " , was abolished by atropine in concentration too sm all to influence the m ain response, or by curarine in concentrations which som ew hat reduced th e m ain response.
T reating nerve-sartorius preparations from frogs which h ad been kep t a t 14-18° C for some days before use ('w a rm ' frogs) w ith prostigm ine, eserine, or the dim ethyl-earbam ic ester of 8-hydroxym ethylquinolinium m ethylsulphate usually produced no change in th e m ain response to one or to two shocks, b u t augm ented th e after-tension in the response to two shocks, and caused an after-tension to follow th e response to a single shock. On th e o ther hand, treatin g preparations from frogs which h ad been kept a t 0-5° C for m ore th a n 40 hr. before use ('c o ld ' frogs) w ith any of th e eserinelike com pounds caused th e response to one or to two shocks to become augm ented, as w ith m am m alian preparations, an d to be followed by irregular tw itchings which lasted for a b o u t a second. The after-tw itchings were abolished by atropine in concentrations which slightly reduced th e m ain response, or by curarine in con centrations w hich reduced th e m ain response ra th er more.
T reating 'w a rm ' p reparations w ith R inger's solution of half the usual calcium content, or w ith R inger's solution containing any of th e following agents (which are know n to sensitize to stim uli of long duration), in small concentration, produced no appreciable change in th e responses: tetraethylam m onium iodide, sodium citrate, guanidine carbonate, or m ethylguanidine hydrochloride. If, however, preparations so trea te d were also tre a te d w ith any of th e eserine-like com pounds, th eir responses th en becam e like those of a 'co ld ' prep aratio n which had been treated w ith an eserine-like com pound.
The responses evoked by applying one shock, or two w ith an interval of 3-10 msec, between them , to th e pelvic end of th e frog's sartorius muscle, after sufficient curarine to render nerve stim ulation ineffective, were uninfluenced by an y of the eserine-like com pounds, or any of th e five agents m entioned in paragraph 4, provided th a t shocks of short d u ratio n were u so d ; when condenser discharges of long d u ration were used, tre a tm e n t of 'w a rm ' preparations w ith any of th e five agents, in the same concentrations as produced th e changes described in paragraph 4, augm ented the response.
Calcium-deficiency, in large or sm all degree, affected little the response to stim u lation of muscle. B u t a m oderate deficiency changed th e responses to repetitive stim ulation of nerve in such a way as m ight have been im itated by stim ulating the nerve of th e u n treated p reparation a t a lower frequency. W hen the deficiency was more severe, on stim ulating w ith 150 shocks per sec., no response was visible for th e first 1-3 sec., th e tension th en rose to less th a n a q u arter of its norm al m axim um , and afterw ards fell slowly. Prostigm ine in large concentrations produced little im provem ent, whereas calcium quickly produced a m arked im provem ent.
The actions of eserine-like compounds upon frog's nerve-muscle pre parations, and the blocking of neuromuscular conduction. By S. L. Co w a n . ( Communicated by E. B.
11)39.)
The actions of prostigm ine, eserine, and tho dim ethylcarbam ic ester of 8-hydroxy m ethylquinolinium m ethylsulphate upon th e frog's isolated nerve-sartorius p re paration have been exam ined by a m ethod developed by Lucas. W ith Ringersoaked preparations from frogs k ept a t 14-18° C for some days before use the m inim um interval a t which two shocks applied to the nerve could elicit a sum m ated m uscular response was a b o u t 20 % longer th a n th e absolute refracto ry period of th e nerve. A ny of th e above-m entioned com pounds prolonged th e m inim um in terv al for a sum m ated response, b u t caused th e tim e a t which an ex tra in terp o lated shock began to cu t down th e response to th e final shock to become only a little later. Curarine or atropine reversed th e prolongation of m inim um interval.
B y th e sam e m ethod, th e actions of th e sam e eserine-like com pounds upon p re parations which h ad been tre a te d w ith R in g er's solution of h alf th e usual calcium content were exam ined. E ith e r before or after tre a tm e n t, it was im possible to cu t down th e m uscular response by interp o latin g an e x tra shock.
The action of prostigm ine upon R inger-soaked preparations was exam ined by a m ethod developed by A drian, involving determ ination of th e ra te of recovery of excitability in th e m otor nerve a t th e site of stim ulation an d in th e rem aining more peripheral p a rt of th e preparation. P rostigm ine influenced little th e recovery process a t th e site of stim ulation, w hereas it prolonged th e slower and m ore peripheral recovery process. Curarine reversed th e prolongation of the m ore peripheral recovery.
W ith Ringer-soaked preparations, during th e block of neurom uscular transm ission produced by rap id repetitive stim ulation of th e nerve, th e response of th e muscle to direct stim ulation was reduced. If, however, neurom uscular transm ission had been blocked by curarine, stim ulation of th e nerve did n o t reduce th e response of th e muscle to direct stim ulation.
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On the turbulence of a tidal current. By J. P r o u d m a n , F.R.S. {Received 12 June 1940.)
The paper contains a theoretical investigation of th e dynam ics of a cu rren t when turbulence is of significance. The d ep th of w ater is tak en to be uniform , while th e external body-forces, th e m ean velocity of th e current, and th e statistics of turbulence are tak en to be uniform over all horizontal planes, though th ey m ay vary betw een the sea-surface and th e sea-bottom . The statistics considered are those involved in th e forces of internal friction, th e rates of doing work and th e energy relations. The ro tatio n of th e earth and slow variations in tim e are allowed for.
A fter deriving a num ber of form ulae which do not appear to have been previously placed on record, though th ey involve no new principles, a num ber of particu lar types of disturbance are studied. They are: isotropic turbulence, periodic disturbance, neglecting viscosity, periodic disturbance, allowing for viscosity. Only the last of these is able to account for th e phenom enon of internal friction. One p articular exam ple is w orked out, allowing for viscosity, viz. th a t of a steady current parallel to a vertical plane and uniform between the sea-surface and bottom . In this th e forces of internal friction are proportional to a hyperbolic function of the depth below the sea-surface. To obtain a case more like th a t of actual tidal currents we should require th e m ean current to be such a function of the depth as would m ake th e forces of internal friction proportional to the depth itself. B ut the investigation of such a function would require m ore elaborate m athem atical m ethods th a n those used in the paper.
Fem ales of th e dipterous fly M uscina stabulans Fallen were chosen for an in vestigation of flight.
A com parison was m ade betw een th e flight-system w ith th e insect held statio n ary and in norm al free flight, based on the resu ltan t of those forces which m aintain or change its sta te of m otion during flight. Values for this resultant were determ ined in thirty -tw o individuals perform ing regular wing m ovem ents when held statio n ary in ' still air '. In all except four of these, th e resu ltant force generated was equal to or greater th a n th e weight of th e insect. On an average, th e line of action of t he resu ltan t was inclined forw ards and upw ards a t 48° to the body-axis of the insect. The line of action cu t th e body-axis betw een 1-75 m m . in front to 3-25 m m . behind th e centre of g ravity, according to th e am plitude of the wing beat. In the m ajority of cases th e point of intersection was behind th e centre of g ravity in a position in com patible w ith stable free flight. This last result was confirmed by observing the p a th travelled by insects perform ing these wing m ovem ents when suddenly liberated in 'still a i r '. I t was found th a t if th e insect is m oved forwards a t the speeds of norm al flight, w ith th e body-axis inclined as in free flight, it continues in th e same state of m otion on liberation.
The effect of exposing th e insect, held stationary, to a stream of air was investigated w ith th e aid of a w ind-tunnel. I t was found th a t in those cases where the resu ltan t force passes behind th e centre of gravity of th e insect in 'still a ir ', th e resu ltan t is displaced forwards and comes to pass close behind, through, or in front of the centre of gravity, depending on th e velocity of th e stream of air and the inclination of the body-axis of th e insect. There are good grounds for believing th a t the living insect held statio n ary in an appropriate stream of air closely resembles in essentials the system in free flight and is therefore suitable for further study of flight. In analysing further the forw ard displacem ent of the line of action of th e resultant, it was found th a t th e effect of th e stream of air on th e body of the fly was negligible in this connexion, as com pared w ith th a t upon th e wings.
By recording photographically th e am plitude of wing beat for ten individuals, it was shown th a t th e am plitude decreased w ith increasing airspeed and inclination of the body-axis-an effect which m ight be expected to produce a backw ard dis placem ent of th e resultant, th a t is, in a direction opposite to th a t observed. A study of the p a th travelled by the wing relative to th e insect revealed a factor th a t would tend to produce the observed forw ard displacem ent of the resultant. I t was observed th a t when th e insect is exposed to a stream of air the course of the downward beat is displaced forwards, so as to convert th e elliptical track, characteristic of wing m ovem ents in 'still a ir ', into th e figure '8 ' p ath , commonly associated with insect flight. This change in the p a th travelled by th e wings was found to be dependent upon the m ovem ent or position of the th ird antennal joint relative to th e second, resulting from th e action of the stream of air on the th ird joint with its arista. The characteristic flight a ttitu d e of the legs, and th e continued m aintenance of wing vibrations when air was blown upon th e insect from in front, were also found to be dependent upon the integrity of this system . The p ath travelled by th e wing relative to th e insect is also dependent on the interactio n of th e sensory inflow from th e an ten n ae a n d halteres, since a fte r m u tilatio n of th e la tte r th e w ing-m ovem ents associated w ith stim u latio n of th e form er were in terru p ted . I n th e appendices are described: (I) th e m ethod of m ounting living insects for experim ent ; (II) th e design, calibration an d use of an aerodynam ic balance suitable for determ ining th e m agnitude of th e vertical a n d horizontal com ponents o f th e 're s u lta n t' and th e position of its line of action relative to th e centre o f g ra v ity of th e insect; an d (III) a sm all w ind-tunnel, w ith plate glass to p a n d b o tto m , for observing th e behaviour of th e insect w hen exposed to a stream of air, an d for recording photographically th e am plitude of wing b eat.
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Abstracts of Papers The effective cross-section for quenching of sodium resonance rad iatio n by th e sa tu ra te d and u n sa tu ra te d hydrocarbons, te rtia ry am ines and several diatom ic molecules has been m easured. The results indicate th a t w ith regard to quenching ability th e gases fall into tw o groups, one com prising th e sa tu ra te d hydrocarbons an d th e inert gases and th e oth er th e u n sa tu ra te d hydrocarbons an d th e am ines. The difference in behaviour is too pronounced to be explained in term s of th e discrepancy betw een th e am ount of energy th e sodium ato m gives up an d th e quenching m olecule can receive b u t m ay be a ttrib u te d to th e presence of u n satu ratio n in th e molecule. W ithin any one series th e num ber of atom s in th e molecule a p a rt from th e u n sa tu ra te d centre seems to have little influence on th e quenching ability an d it has been concluded th a t th e quenching ab ility m ay be regarded as proceeding from a centre of unsatu ratio n . The results have been qualitativ ely considered in th e light of S tearn an d E y rin g 's theory of non-adiabatic reactions, and in th e term inology of the theory of th e interm ediate complex we m ay say th a t th e presence of u n satu ratio n m anifests itself in a relatively large transm ission coefficient.
On the specific heat of the sodium chloride crystal. By E. W. K e l l e r m a n . {Communicated by M. Born, F.R.S.-Received 21 June 1940.)
Calculations of abo u t 280 proper frequencies of th e sodium chloride lattice have been m ade previously. These frequencies have been used to determ ine th e specific heat of NaCl according to B orn's theory. I t is shown th a t this num ber of frequencies is sufficiently large to m ake th e determ ination of th e frequency distribution and, therefore, of th e specific heat possible. A greem ent w ith experim ent is obtained. I t is shown in agreem ent w ith B lackm an's investigations th a t th e deviations from D ebye's theory as found experim entally are due to D ebye's assum ption of a 2 law for the frequency distribution instead of distribution following from th e atom ic theory.
